CURABLE RESIN COMPOSITION 

FIELD OF THE INVENTION 
The present invention relates to a curable resin 
5 composition useful as a contact adhesive. The term "contact 
adhesive" as used herein means an adhesive capable of adhesion 
under pressure after standing for a certain period of time 
following application thereof to an adherend. 

10 PRIOR ART 

The so-ca 1 1 ed solvent type adhesives comprising a natural 
rubber or a diene compound polymer such as synthetic rubber, 
together with additives, such as a tackifier resin, a 
plasticizer and an antioxidant, as homogeneously dissolved in 
15 an organic solvent (the solid concentration being 20 to 35%) 
have so far been widely used as contact adhesives. Since, 
however, a large amount of an organic solvent is used in such 
solvent type adhesives, not only the cost of the solvent arises 
but also the organic solvent must be evaporated and removed, 
20 which raises problems from the viewpoint of working environment, 
protection against disasters and pollution. For solving such 
problems and providing adhesives comparable in performance to 
the conventional solvent type adhesives, solvent-free contact 
adhesives have been proposed in which a modified silicone 
25 polymer is used, as disclosed in Japanese Kokai Publication 
Hei-03-;:63478 and Japanese Kokai Publication Hei-07-2b8b3b . 

However, the contact adhesive in which the modi lied 
silicone polymer disclosed in Japanese Kokai Publication 
Hei-03-:> 63478 is used has problems in that it takes a fairly 
30 long time for a sufficient extent of tack to enable lamination 
to develop and t hat if is poor in workability because oi its 
i.ini-, - i i t *.- . Jar-anr-so K^ka i PuPdic.il ion lie i - 07 -?. Sx S3 S 



introduction of a hydrocarbon group into such a reactive silicon 
group-containing oxyalkylene polymer at a position close to the 
reactive silicon group. In Japanese Kokai Publication Hei- 
07-258535, it is proposed that a contact adhesive capable of 
5 developing tack in a short time, allowing laminating over a long 
period and showing good workability be prepared by the method 
disclosed therein. However, the period during which tack is 
retained is not longer than an hour, hence cannot be said to 
be sufficient for workers to effect lamination. The measures 
10 so far taken for prolonging the tack retention period comprise 
adjusting the cure rate by changing the catalyst species, 
increasing or decreasing the catalyst amount, and/or changing 
the terminal reactive silicon group content, among others. 
However, the prior art measures have a problem in that when the 
15 tack retention period is prolonged by adjusting the cure rate, 
the final bond strength decreases accordingly. Thus, it is an 
object of the present invention to provide a curable resin 
composition with a prolonged tack retention period without 
affecting the final bond strength. 

20 

SUMMARY OF THE INVENTION 
The present inventors made intensive investigations in 
an attempt to solve the problems mentioned above and, as a result, 
found that when an alkyl group is introduced into a reactive 
25 sil i con group-contai ning polyether oligomer at a position close 
to t ho reactive silicon group, the reactivity of the reactive 
silicon group is indirectly reduced and the tack retention 
period is prolonged without affecting the- final bond strength. 
Based on this finding, the present invention has now been 
30 compl eted . 

Thus, m a first (1 sp-cf thereof , t he- present invention 
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monomer units and/or methacrylate ester monomer units, and 
(III) an accelerator, 

said reactive silicon group-containing polyether 
oligomer having, within the molecule thereof, a partial 
5 structure represented by the general formula (1) : 
-O-R'-CH (R 2 ) -CH 2 - (Si (R 3 ? _ b ) (X b ) O) m Si (R 4 3 _J X a (1 ) 
wherein R 1 represents a divalent organic group of 1 to 20 carbon 
atoms containing at least one constituent element selected from 
the group consisting of hydrogen, oxygen and nitrogen, R 2 
10 represents an alkyl group of 1 to 10 carbon atoms, R 3 and R 4 
may be the same or Hi f ferent and each represents an alkyl group 
of 1 to 20 carbon atoms, an aryl group of 6 to 20 carbon atoms 
or an aralkyl group of 7 to 20 carbon atoms or a triorganosiloxy 
group of the formula (R f ) 3 SiO-, in which R f is a monovalent 
15 hydrocarbon group of 1 to 20 carbon atoms and the three R T groups 
may be the same or different and, where there are two or more 
R 3 or R 4 groups, they may be the same or different; X represents 
a hydroxyl group or a hydrolyzable group and, where there are 
two or more X groups, they may be the same or different; a 
20 represents 0, 1, 2 or 3, b represents 0, 1 or 2, m represents 
an integer of 0 to 19, and the b's in the m - (Si (R 3 2 _ b ) (X b ) -O) - 
groups may be the same or different, provided that the condition 
a 4 Xb § 1 is satisfied. 

In a preferred embodiment, this invention is related to 
25 the above curable resin composition wherein R 1 in component (1) 
is □!.. 

In a further preferred embodiment, this .invent: on is 
i eJ ated to the above curable rosin composition wherein R in 
component (I) is CH ? . 
30 In a further preferred embodiment, this invention is 

r r- lat'-'d to the above curable rosin composition 



In another preferred embodiment, this invention is 
related to the above curable resin composition 

wherein component (I) is a reactive silicon group- 
containing polyether oligomer obtainable by reacting a 
5 polyether oligomer having an unsaturated bond introduced 
therein of the general formula (2) : 

-O-R'-C (CH 3 ) =CH 2 (2) 
wherein R l is as defined above, 

with a reactive silicon group-containing compound represented 
10 by the general formula (3): 

H-(Si (R\_ b ) (X b )0) iT Si (RVJX, (3) 
wherein R 3 , R 4 , a, b, m and X are as defined above, 
in an oxygen-containing atmosphere in the presence of a catalyst 
and a sulfur compound. 
15 in a further preferred embodiment, this invention is 

related to the above curable resin composition 

wherein component (I) is a reactive silicon group- 
containing polyether oligomer having a partial structure 
represented by the formula: 
20 -0-CH 2 -CH (CH 3 ) -CH 2 -Si (CH 3 ) (OCH 3 ) 2 

as obtainable by reacting a polyether oligomer having an 
unsaturated bond introduced therein of the formula: 

-0-CH ? -C (CH 3 ) =CH ? 
with a reactive silicon group-containing compound of the 
2 5 f ormula : 

H-Si (CH.,) (OCH 3 ) ? 

in an oxygen-containing atmospher e in the presence ol a ratal yst 
a i id a s u 1 1 u r compc'und . 

In another preferred embodiment, this invention is 
30 related to the above curable resin composition 

wherein component. (11) is a copolymer comprising a 
tm.-. i f.r-n l > r^h,-n n snbst ant ial I v compound of fa) arrvl i f and /or 




atoms . 

In a further preferred embodiment, this invention is 
related to the above curable resin composition wherein 
component (11) is a copolymer having a silicon group 
5 crosslinkable under siloxane bond formation. 



DETAILED DESCRIPTION OF THE INVENTION 
In the following, the present invention is described in 
detail. The reactive silicon group-containing polyether 
10 oligomer to be used as component (I) according to the present 
invention may be any polye ther-based oliqomer comprising a 
polyether as its main chain and, on a side chain or at a terminal, 
at least one structure represented by the general formula (1) : 
- 0 -R l -CH(R 2 ) _CH 2 - (Si (R 3 2 _ b ) (X b )0) m Si (R 4 3 _ a )X a (1) 
15 wherein R 1 represents a divalent organic group of 1 to 20 carbon 
atoms containing at least one constituent element selected from 
the group consisting of hydrogen, oxygen and nitrogen, R 2 
represents an alkyl group of 1 to 10 carbon atoms, R 3 or R 4 may 
be the same or different and each represents an alkyl group of 
20 1 to 20 carbon atoms, an aryl group of 6 to 20 carbon atoms or 
an aralkyl group of 7 to 20 carbon atoms or a tr iorganosi ioxy 
group of the formula (R') 3 SiO-, in which R' is a monovalent 
hydrocarbon group of 1 to 20 carbon atoms and the three R ' groups 
may be the same or different, and where there are two or more 
R 3 or R 4 groups, they may be the same or different; X represents 
a hydroxy] group or a hydrolyzable group and, where there are 
two or more X groups, they may be the same or diiierent; a 
represents 0, 1, 2 oi '6, b represents 0, 1 or 2, and the b T s 
in the m - (Si (R 3 r .>.) (X,) -0) - groups may be the same or di f ferent, 
provided that the condition a -4 Xb > 1 is satisfied. 

P. 1 , which is ri divalent orqanic nroup of i to 20 carbon 
..4^,- ~\ \ f , i n o r,\ our- rnn.'M i t nont eloniont selected from 
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-CH,-CH(CH 3 ) -CH ? -, -C 2 H 4 -CH (CH 3 ) -, -CH 2 -C 6 H 4 -, -CH 2 -C 6 H 4 -CH 2 - , 
-C r H 4 -C 6 H 4 -, -C (O) -, -C (O) -CH 2 -, -C (O) -C 6 H«-, -C (O) -NH-, 
-C (O) -NH-CH 2 - , -C (O) -NH-C 6 H 4 -, -C (O) -O- , -C (O) -0-CH 2 -, 
-C (O) -0-C 6 H 4 - and like groups. Among these, -CH 2 -, -C 2 H 4 -, 
5 -CH ? -CH (CH 3 ) -, -C(O)- and -C(0)-NH- are preferred because of 
ease of synthesis and -CH 2 - is most preferred because of ready 
raw material availability. 

As specific examples of R 2 , there may be mentioned, among 
others, alkyl groups such as methyl, ethyl and propyl, and 
10 cycloalkyl groups such as cyclohexyl . Among them, methyl is 

^ _ _ j l~ 

As specific examples of R 3 and R 4 , there may be mentioned 
alkyl groups such as methyl and ethyl, cycloalkyl groups such 
as cyclohexyl, aryl groups such as phenyl, aralkyl groups such 
15 as benzyl, and t riorganosiloxy groups of the formula (R') 3 SiO- 
in which R' is methyl or phenyl, for instance. Methyl is most 
preferred as R 3 , R 4 or R'. 

Among the groups represented by X, the hydrolyzable group 
is not particularly restricted but may be any of the so far known 
20 hydrolyzable groups. Specifically, there may be mentioned, 
among others, a hydrogen or halogen atom, and an alkoxy, acyloxy, 
ketoximate, amino, amido, acid amido, amino-oxy, mercapto or 
alkenyloxy group. Among these, alkoxy groups such as methoxy, 
ethoxy, propoxy and isopropoxy are preferred because of their 
25 mild hydrolyzabi 1 i ty and ease of handling thereof. 

One to three hydroxy 1 and/or hydrolyzable groups may be 
bound to one silicon atom and the sum (a -* Xb) is preferably 
equal to 1 to b. When a reactive silicon group has two or more 
hydroxyl and/or hydrolyzable groups, the two or more groups may 
30 be the same or different. 

The number ol s.i 1 i con atoms i n each r^aefi ve si J i con group 
n v )>*■ 1 or ? < r nvM<' and, in t h ♦ • ra?^ <>1 a react i ve silicon 
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A reactive silicon group represented by the following 
genera] formula (b) : 

-Si (R\_„)X a (5) 
wherein R 4 , X and a are as defined above, 
5 is preferred because of its ready availability. 

It is more preferred that R 4 be methyl, X be methoxy and 
a be 2 or 3. 

Ten molecular chain terminals of the polyether oligomer 
preferably have, on an average, at least one, more preferably 
10 0.5 to 5 from the viewpoint of curability, still more preferably 
0.8 to 2 reactive silicon groups. It is particularly preferred 
that the number of reactive silicon groups per terminal be 0 . 9 
to 1, since, then, cured products showing good rubber elasticity 
behavior can be obtained. 
15 The average number of reactive silicon groups per polymer 

molecule may be one or more . For securing sufficient curability, 
however, said average number is preferably 1.5 to 4. 

The reactive silicon group-containing polyether oligomer, 
namely component (I), may comprise one single species or a 
20 combination of two or more different species. 

Specifically, it is preferred that component (I) be a 
reactive silicon group-containing polyether oligomer having a 
partial structure represented by the formula: 
-0-CH ? -CH (CH 3 ) -CH 2 -Si (CH 3 ) (OCH 3 ) 2 . 
25 Although the molecular weight of the reactive silicon 

group-containing polyether oligomer, namely component (I), is 
not restricted, a number average molecular weight, oi 1,000 to 
1 00, 000 is preferred. When the number average molecular weight 
is loss than 1,000, the reactive silicon group-containing 
30 pol yet her ol igomer will give brittle cured products . When said 
molooular weight exceeds 100,000, the functional group 

. * . ♦ : , \ . - l v;>-> i T'v-u] t r in a decreased rate 
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number average molecular weight of 10,000 to 50,000 is 
especially preferred. 

The "number average molecular weight of the polyether 
oligomer" is herein defined as the number average molecular 
weight determined by directly determining the terminal group 
concentrations through hydroxyl value determination according 
to JIS K 1557 and titrimetric analysis based on the principle 
of iodine value determination as described in JIS K 0070 and 
making a calculation with the structure of the polyether 
oligomer taken into consideration. It is also possible, by 
constructing a working curve for the relation between the 
polystyrene-equivalent molecular weight determined by GPC, 
which is a generalized method for relative number average 
molecular weight determination, and the above terminal 
group-based molecular weight, to determine the number average 
molecular weight in question by converting the molecular weight 
obtained by GPC to the corresponding terminal group-based 
molecular weight. 

The main chain structure of the component (I) polyether 
oligomer has, as a repeating unit, a structure represented by 
-R-O- (in which R is a divalent organic group of 1 to 20 carbon 
atoms containing at least one constituent atom selected from 
the group consisting of hydrogen, oxygen and nitrogen atoms) . 
Said oligomer may be a homopolymer in which all repeating units 
are the same or a copolymer including two or more repeating unit 
species. The main chain may have a branched structure. 

As speoi i a c examples of K, there may be mentioned -CH r CH r -, 
-CH (CM J CH.,-, -CH (C ? H b ) CH ? -, -C (CH J XH,- , -CH 2 CH 2 CH 7 CH 2 - and the 
like, among which -CH (CH,) CH,- is particularly preferred. 

For obtaining component (1) to be used according to the 
present invention, a polyether obtained by subjecting a 
r-'ntst i i ni c-<\ f. t unsubst i t ut r-d opoxv compound rnnt ainina ? \ o 1 2. 



methylstyrene oxide, or an alkyl, allyl or aryl glycidyl ether, 
specifically methyl glycidyl ether, ethyl glycidyl ether, 
isopropyl glycidyl ether, butyl glycidyl ether, allyl glycidyl 
ether or phenyl glycidyl ether, to ring opening polymerization 
in the presence of a dihydric or polyhydric alcohol or a 
hydroxyl-containing oligomer, such as ethylene glycol, 
propylene glycol, butanediol, hexame thylene glycol, methallyl 
alcohol, hydrogenated bisphenol A, neopentyl glycol, 
polybutadiene diol, diethylene glycol, triethylene glycol, 
polyethylene glycol, polypropylene glycol, polypropylene 
t-rini nni \mronvl ene tetraol, dipropylene glycol, glycerol, 

^ ^- — — f r~ a it ~~ ~ x -i - - 

trimethylolmethane, trimethylolpropane or pentaerythri tol , as 
an initiator and in the presence of a catalyst can be used. 
Usable as the catalyst for this polymerization are alkali 
catalysts such as KOH and NaOH, acidic catalysts such as 
trif luoroborane etherate, aluminoporphyr in-metal complex 
catalysts, cobalt zinc cyanide-glyme complex catalysts, like 
double metal cyanide complex catalysts and other catalysts 
already known for such polymerization. While the use of a 
double metal cyanide complex catalyst is preferred because of 
causing little side reactions, any other catalysts may also be 
employed . 

Further, the main chain skeleton of the polyether 
oligomer can also be obtained by chain extension of a 
hydroxyl-terminated polyether oligomer with a bifunctional or 
multifunctional alky] halide, such as CH 7 C1 ? or CH 2 Br ?/ in the 

presence of a basic compound such as KOH, NaOH, KOCH, or NaOCIh. 

For producing component (1) fiom such a hydroxyl- 
containing polyether oligomer, any of known methods may be 
employed, for example the method comprising introducing an 
unsaturated bond into a hydroxy 1 -emit aiiiinq polyether ol igomei 
; t H t hop roa'-t inn t hp product with a. r oaot i vo silicon 
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ester bond, urethane bond, carbonate bond or like bond formation. 
In the case of unsaturated group introduction through ether bond 
formation, for instance, the hydroxyl group of the polyether 
oligomer is converted to the metaloxy form -OM (M being Na or 
5 K) , followed by reacting with an organohalogen compound 
represented by the general formula (6) : 

H 2 C = C (R z ) -R*-Y (6) 
wherein R 1 is a divalent organic group of 1 to 20 carbon atoms 
containing at least one constituent atom selected from the group 
10 consisting of hydrogen, oxygen and nitrogen atoms, R 2 is an alkyl 
group of 1 to 10 carbon atoms and Y is a haloqen atom) to qive 
an unsaturated group-containing polyether. As specific 
examples of the unsaturated group-containing compound of 
general formula (6), there may be mentioned H 2 C=C (CH 3 ) -CH 2 -C1 , 
15 H..C=C (CH 3 ) -CH 2 -Br and the like, among which H 2 C=C (CH 3 ) -CH 2 -C1 is 
particularly preferred from the viewpoint of reactivity, raw 
material availability and ease of synthesis. 

It is also possible to effect unsaturated group 
introduction using an isocyanate compound, carboxylic acid or 
20 epoxy compound having a H 2 C=C <CH 3 ) -CH 2 - or like group. 

The reaction of the unsaturated bond-containing 
polyether oligomer with the reactive silicon group-containing 
compound can be carried out, for example, in the manner of 
hydrosilylation in the presence of a catalyst. 
25 The reactive silicon group-containing compound to be used 

in this hydros: lyl at ion react i on may have , within its molecule, 
"ii*: or more silicon groups with said hydroxyl and/or 
hydro] yzablo group being bound thereto, and one or more 
Si-H groups within its molecule. Typical examples are 
30 represented by the general formula (3): 
H- (Si (P\ t ) (X t )Q) r Si (PV ,)>:.. (3) 
w > , ( . > o i r p\ p 4 , a, b, m and X am as d«M i n^d nbnvo rnforrinn 
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dime thylchlorosi lane, phenyldichlorosilane f 

trimethylsiloxymethylchlorosilane and 1,1,3, 3-tet ramethyl- 
1-bromodisiloxane; alkoxysilanes such as tr imethoxysilane, 
triethoxysilane, met hyldiethoxysi lane , methyldimethoxysilane , 
5 phenyldimethoxysilane, trimethylsiloxymethy lmethoxys ilane 
and trimethylsiloxydiethoxysilane; acyloxysilanes such as 
methyldiacetoxysilane, phenyldiacetoxys ilane , 
triacetoxys ilane, t rime thy Is iloxyme thy lace toxy si lane and 
t rime thy Is iloxydiacetoxysi lane ; ketoximates i lanes such as 

10 bis (dimethyl ketoximate) methyl si lane, 

bis (cyclohexyl ketoximate ) methyls ilane , 

bis (diethylketoximate) t r imethylsiloxysilane , 

bis (methylethyl ketoximate) methyls ilane and 

tris (acetoximate) silane; alkenyloxysilanes such as 

15 methylisopropenyloxysilane; and so forth. Among these, 

alkoxysilanes are especially preferred and, among alkoxy groups, 
methoxy is particularly preferred. 

Reactive silicon group-containing compounds represented 
by the general formula (7): 



wherein R 4 , X and a are as defined above, 

are preferred because of their ready availability. 

As specific examples of R 3 and R 4 in the above general 
formulas (3) and (7), there may be mentioned, among others, 

25 alkyl groups such as methyl and ethyl, cycloalkyl groups such 
as cyclohexyl, aryl groups such as phenyl, aralkyl groups such 
a;.? benzyl , and trio r g a no s i Joxy groups ol the lormulas (R') 3 SiO- 
.ln which R f is methyl or phony], for instance. Methyl is 
particularly preferred as R\ R A and/or R 1 . 

30 in a preferred embodiment of the above hydros i lylat ion 

react, ion, a po] yether oligomer, introduced an unsaturated bond 
therein and represented by the General formula (2): 



20 



H-Si (R 4 3 _ a )X a (7) 
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represented by the general formula (3): 
H- (Si (RV>.) (X t )Q) n Si (R\..,JX a (3) 
wherein R\ R\ a, b, m and X are as defined above referring 
to general formula (1) given above, in an oxygen-containing 
atmosphere in the presence of a catalyst and a sulfur compound 
to give a reactive silicon group-containing polyether oligomer, 
which is a preferred one. More preferred is a polyether 
oligomer having a structure represented by the formula: 

-0~CH 2 -CH (CH 3 ) -CH 2 -Si (CH 3 ) (OCH 3 ) 2 
as obtained by reacting a polyether oligomer, introduced an 
unsaturated bond therein and represented by the formula: 

-0-CH 2 -C (CH 3 ) =CH 2 
with a reactive silicon group-containing compound of the 

formula : 

H-Si (CH 3 ) (OCH 3 ) 2 

in an oxygen-containing atmosphere in the presence of a catalyst 
and a sulfur compound. 

Effective as the catalyst for the hydrosilylation 
reaction between the polyether oligomer with an unsaturated 
bond introduced therein and the reactive silicon group- 
containing compound are metal complex catalysts in which the 
metal is selected from among group VIII transition metal 
elements such as platinum, rhodium, cobalt, palladium and 
nickel. Usable are, for instance, H 2 PtCl 6 • 6H 2 0, platinum- 
vinyl s i loxane compl exes , plat inum-ole fin complexes, Pt metal, 
RhCl (PPhJ RhCl,, Rh/Al,O w RuCl,, lrCl 3/ Fed,, PdCl ? -2H ? Q, 
NjCI... and like compounds. From the viewpoint, oi reactivity in 
hydrosi lylation, either platinum-vinylsiloxane complexes or 
platinum-olef in complexes are especially preferred. The term 
"platinum-vinyl si loxane complexes" as used herein 
col 1 net i vol y M-lors to those compounds containing a platinum 
. 1 . i . t ■■ » rr,i v'-i iny,->no c t f-v<"l i < " si 1 ox aim ha vine: a 
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di vinyl siloxane complex) and 1,3,5, 7 - tetraviny 1 - 1 , 3, b, 7- 
tetramethylcyclotetrasiloxane. As specific examples of the 
olefin ligand in the platinum-olef in complexes, there may be 
mentioned 1 , 5-hexadiene, 1 , 7-octadiene , 1 , 9-decadiene, 
1 , 11-dodecadiene and 1 , S-cyclooctadiene . Among such ligands, 
1 , 9-decadiene is particularly preferred. 

Such platinuin-vinylsiloxane complexes and platinum- 
olef in complexes are disclosed in Japanese Kokoku Publication 
Hei-08-9006 . 

In addition to those mentioned above, A1C1 3 , TiCl 4 and 
the like may also be used as hydrosi lylat ion catalysts. 

Although the amount of the catalyst is not restricted, 
it is generally preferred that the platinum catalyst be used 
in an amount of 10" 1 to 1CT 8 mole, more preferably 10" 3 to lCT b 
mole, per mole of the alkenyl group. When the amount of the 
catalyst is below the range mentioned above, the 
hydrosilylation reaction may fail to proceed to a sufficient 
extent. When the catalyst amount is excessive, problems may 
arise, namely the consumption of the catalyst may result in an 
increase in production cost and the residual catalyst amount 
in the product may increase. 

The hydrosilylation reaction in the practice of the 
present invention is carried out generally at a temperature 
within the range of 10 to 150 °C, preferably 20 to 120 °C, more 
preferably 40 to 100 °C . The hydrosilylation reaction can be 
carried out in the absence or presence of a solvent according 
to the necessity oi reaction temperature adjustment and/or 
reaction system viscosity adjustment, among others. Generally, 
hydrocarbons, halogenated hydrocarbons, ethers and esters can 
be used as the solvent in the hydrosilylation reaction. 
Prefer red among them are hept ane, hoxano, benzene, toluene, 
yvloTK-, t oi r ,ih vdT ^fu t an and methylene rhb-i id*-. In certain 
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For promoting the hydros i 1 ylat ion reaction, catalyst 
reactivation using oxygen (Japanese Kokai Publication Hei- 
08-28 3 339) and addition of a sul fur compound are preferred. The 
addition of a sulfur compound contributes to reduce the 
5 production time without causing such problems as an increase 
in production cost as otherwise resulting from the use of an 
increased amount of the expensive platinum catalyst or 
necessity of removing the residual catalyst and thus 
contributes to increase the productivity. The sulfur compound 
10 includes, but is not limited to, elemental sulfur, thiols, 
sulfides, sulfoxides, sulfones and thioketones. Among them, 
sulfur is especially preferred. In adding a sulfur compound 
to the liquid reaction system, the sulfur compound is dissolved 
and mixed in advance with a portion of the reaction mixture or 
15 solvent, for instance. Then, the solution can be homogeneously 
dispersed in the whole reaction mixture. Thus, for example, 
the sulfur compound can be added following dissolution thereof 
in an organic solvent such as toluene, hexane or xylene. 

The addition amount of the sulfur compound can be selected, 
20 for example, within the range of 0.1 to 10 moles per mole of 
the metal catalyst or of 0 . 002 to 0 . 1 mole per mole of the alkenyl 
group, or of 1 to 500 ppm on the whole reaction mixture weight 
basis. When the addition amount is too low, the effects of the 
present invention may not be fully produced in certain instances . 
25 When i t is excessively high, the sulfur compound may reduce the 
catalyst activity or inhibit the reaction as the case may be. 
Ii i s thus desirable to adequately select the addition amount. 

In the hydrosi lylation reaction in the production process 
according to the invention, the gaseous phase in the reactor 
30 may comprise an inert gas (e.g. nitrogen or helium) alone or 
oxvaon or another gas. Kiom t.ho viewpoint ol safety in handling 
■ . t * .. \ v + > i i.-^t; -i lvl-'Hnn T'O'V't i on ma v b'^ <^a r r i ed 
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in the reactor, however, the rate of reaction may decrease 
depending on the conditions of the hydrosilylation reaction 
s ys tern . 

In the hydrosilylation reaction in the production process 
5 according to the invention, the hydrosilylation reaction can 
be safely promoted in the presence of oxygen by selecting the 
oxygen concentration in the gaseous phase in the reactor at an 
amount such that the formation of an explosive mixture 
composition can be avoided. The oxygen concentration in the 
10 gaseous phase in the reactor may be 0.5 to 10%, for instance. 

t-_^_ „ VAXmn i-inn nni wpfhpr ol i aome r . reaction solvent 

and/or plasticizer in the system, among others, from being 
oxidized by oxygen, the hydrosilylation reaction may be carried 
out in the presence of an antioxidant. Usable as the 
15 antioxidant are phenolic antioxidants having a radical chain 
inhibitor function, for example, 2 , 6-di- tert-butyl-p-cresol , 
2, 6-di-tert-butylphenol, 2, 4-dimethyl-6-tert-butylphenol , 
2, 2 1 -methylenebis ( 4-methyl-6-tert-butylphenol) , 4,4'- 
butyl idenebis ( 3-methyl- 6- tert-butylphenol ) , 4,4' -thiobis (3- 
20 methyl-6-tert-butylphenol) , tetrakis [me thylene- 3- (3, 5-di- 
tert-butyl-4-hydroxyphenyl ) propionate] methane, 1,1,3- 
tris (2-methyl~4-hydroxy-5-tert-butylphenyl) butane and the 
like . Amine type antioxidants such as phenyl- 0 -naphthylamine, 
a -naphthylamine, N, N 1 -di- sec -butyl -p— phenyl enedi amine , 
25 phenothiazine and N,N T — diphenyl — p — phenyl enedi amine may also 
be used as like radical chain inhibitors. The antioxidant is 
not limited to those mentioned above, however. 

Further, in the practice oi the present invention, the 
hydrolyzable group X in the silyl group obtained may be 
30 converted to another hydrolyzable group Y. Particularly when 
the group X is a halogen atom, a hydrogen haride having a strong 

: > > -* 4 -.4 ; > . , *■ y i • v t 1 1 > ; . + nrl i n 1 ho -t o-p of nifl PO bv ITIO i St uro, 
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ketoximate, amido, acid amido, aminoxy, mercapto and like 
groups. Various methods are available for converting a halogen 
functional group to such hydrolyzable functional groups. For 
conversion to an alkoxy group, for instance, there may 
specifically be mentioned the method comprising reacting the 
halogen functional group with (1) an alcohol or phenol, such 
as methanol, ethanol, 2-methoxyethanol , sec-butanol, tert- 
butanol and phenol, (2) the sodium, potassium or lithium 
alkoxide or phenoxide or the like of an alcohol or phenol, (3) 
an orthoformate ester such as methyl orthoformate and ethyl 
orthoformate or (4) an cpoxy compound such as ethylene oxide, 
propylene oxide and allyl glycidyl ether, among others. 
Particularly when a reaction system comprising a combination 
of (1) and (3) , namely an alcohol or phenol and an orthoformate 
ester, or a reaction system comprising a combination of (1) and 
(4) , namely an alcohol or phenol and an epoxy compound, is used, 
the reaction can be carried out with ease and favorable results 
can be obtained. For conversion to an acyloxy group, there may 
specifically be mentioned the method comprising reacting the 
halogen functional group with (1) a carboxylic acid such as 
acetic acid and propionic acid, (2) an acid anhydride such as 
acetic anhydride, or (3) the sodium, potassium or lithium salt 
of a carboxylic acid, among others. For conversion to an 
aminoxy group, there may specifically be mentioned the method 
comprising reacting the halogen functional group with (1) a 
hydroxylamino such as N , N-dimethy 1 hydroxy ] amine , N,N- 
di e-thylhydroxy 1 amine, N, N-methyl phenyl hydroxy J ami ne and N- 
hydroxypyrrolidine or (2) the sodium, potass rum ox. lithium salt 
of a hydroxy] amine, among others. For conversion to an amido 
group, there may specifically be mentioned the method 
comprising reacting the halogen functional group with (1) a 
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may specifically be mentioned the method comprising reacting 
the haloaen functional group with (1) an acid amide having at 
least one hydrogen atom on the nitrogen atom, such as acetamide, 
formamide or propionami de , or (2) the sodium, potassium or 
5 lithium salt of such acid amide, for instance. By using a 
reaction system in which a ketoxime such as acetoxime or methyl 
ethyl ketoxime or a mercaptan such as N-octy lmercaptan and 
t-butylmercaptan is combined with an orthoformate ester or an 
epoxy compound, partial conversion to the corresponding 
10 ketoximate or mercapto group can be effected, with the remaining 

_ ^^^, T nvf ^^1 +- / \ -hV-^ r- r-\r- r~£*cz r\r\r\ Hi nrr nrthnfn r~m p^p f=> <=; t~ t~ — 

tjiuupo l.'^in^ uwnvui. u-a^v-^-w^---^-.— ^ ^ ■ r> — — ~ 

or epoxy compound-derived alkoxyl groups. Conversion to 
another hydrolyzable functional group is applicable not only 
to the case of halogen functional groups as mentioned above but 
15 also to various other hydrolyzable functional groups. 

Referring to the copolymer having a molecular chain 
substantially composed of one or more acrylic and/or 
methacrylic ester monomer unit species, namely component (II) 
to be used according to the present invention (hereinafter such 
20 copolymer is referred to as copolymer (II) ) , the acrylic ester 
monomer unit species includes a wide variety of those known in 
the art: as derived, for example, from methyl acrylate, ethyl 
acrylate, n-propyl acrylate, n-butyl acrylate, isobutyl 
acrylate, t-butyl acrylate, n-hexyl acrylate, 2-ethylhexyl 
25 acrylate, decyl acrylate, undecyl acrylate, lauryl acrylate, 
tridocy] acrylate, myristyJ acrylate, cetyl acrylate, stearyl 
cjorr yl ate, bephenyl acrylate and hi phenyl acrylate . The 
methacrylic ester monomer unit species includes a wide variety 
of those known in the art as derived, for example, from methyl 
30 methacryl ate, ethyl methacry la te , n-propyl me thacr ylate , n- 
hut y 1 nut haoi y 1 at <■, i sobut yl mot.haoryl ate, f -butyl 



18 

biphenyl methacrylate . 

The molecular chain of copolymer (II) is substantially 
composed of one or more acrylic and/or methacrylic ester monomer 
unit species. The phrase "substantially composed of such 
5 monomer unit species" means that the acrylic and/or methacrylic 
ester monomer unit species occurring in copolymer (II) account 
for more than 50%, preferably not less than 70%, of all the 
monomer units occurring therein. 

Among various combinations of these monomers, a copolymer 
10 (hereinafter, copolymer (II) -a) having a molecular chain 

substantially composed of (a) acrylic and/or methacrylic ester 
monomer units having a hydrocarbon group of 1 to 8 carbon atoms 
and (b) acrylic and/or methacrylic ester monomer units having 
a hydrocarbon group of 10 or more carbon atoms is preferred from 
15 the viewpoint of compatibility and stability. The monomer unit 
species (a) , namely an acrylic and/or methacrylic ester monomer 
unit species having a hydrocarbon group of 1 to 8 carbon atoms, 
in said copolymer is represented by the general formula (8) : 
CH 2 =C (R 5 ) COOR 6 (8) 
20 wherein P b represents a hydrogen atom or a methyl group and R b 
represents a hydrocarbon group of 1 to 8 carbon atoms. 

As R 6 in the above general formula (8), there may be 
mentioned alkyl groups containing 1 to 8 carbon atoms, such as 
methyl, ethyl, propyl, n-butyl, t-butyl and 2-ethylhexyl , among 
25 which those containing 1 to 4 are preferred and those containing 
1 or 2 carbon atoms are more preferred. The monomer represented 
iyy genera] formula (8) may comprise one single species or two 
or more species. 

The acrylic and/or methacrylic ester unit species having 
30 a hydrocarbon group of 10 or more carbon atoms, which forms 
monomer units (b) , is represented by the general formula (9): 
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mentioned, among others, long chain aikyl groups containing 10 
or more carbon atoms, generally 10 to 30, preferably 10 to 20 
carbon atoms, such as lauryl , tridecyl, cetyl, stearyl and 
groups containing 22 carbon atoms, as well as biphenyl groups. 
5 The monomer represented by general formula (9) may comprise a 
single species or a combination of monomers having, for example, 
hydrocarbon groups of 12 and 13 carbon atoms, respectively. 

The molecular chain of copolymer (II) -a is substantially 
composed of monomer unit species (a) and (b) . The phrase 
10 "substantially composed of monomer unit species (a) and (b) " 

( p\ ) and (b) occur rina in 
copolymer (II) -a account for more than 50%, preferably not less 
than 70%, of all the monomer units occurring therein. When the 
content of the monomer units (a) and (b) is less than 50%, the 
15 compatibility of polyether oligomer (I) with copolymer (II)-a 
will be poor and there is a tendency toward turbidity and, at 
the same time, the adhesion characteristics tend to lower. 

The ratio between monomer units (a) and monomer units (b) 
is preferably 95:5 to 40:60 by weight, more preferably 90:10 
20 to 60:40 by weight. When the above ratio is higher than 95:5, 
the compatibility will become decreased. A ratio lower than 
40:60 will be disadvantageous from the cost viewpoint. 

Copolymer (II) may additionally contain another monomer 
unit species copolymerizable with the acrylic and/or 
25 methacrylic ester monomer unit species. As the other monomer 
unit species, there may be mentioned, for example, monomer units 
derived from acrylic acids such as acrylic acid and methacrylic 
acid; amide- group-containing monomers such as aci. y 1 ami de , 
methacrylami.de, N-methy lol aery lamide and N- 
30 methyl olme thacry lamide, epoxy group-containing monomers such 
as glycidyl dnylal.e and glycidyl mothaeryl a to, and amino 
. , — - » * : > ; t , tt. r . , tw >■• <- i i r-h a r H-i ni h v 1 ami 1 h v 1 a < * r v 1 a t n , 
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ethylene and so forth. 

From the viewpoint of contact adhesiveness, copolymer 
(TI) preferably has a relatively high softening point, 
preferably a softening point not lower than 0°C, more preferably 
not lower than 20 °C . When copolymer (II) has a low softening 
point, it is also possible to use a tackif ier resin for improving 
the contact adhesiveness. 

While the molecular weight of the copolymer (II) 
component is not restricted, a number average molecular weight 
of 500 to 100,000 as expressed in terms of polystyrene 
equivalent in GPC is preferred. A number average molecular 
weight of 1,000 to 10,000 is more preferred from the viewpoint 
of ease of handling, for instance. 

Copolymer (II) can be prepared by a conventional method 
of vinyl polymerization. The method of obtaining it includes, 
but is not particularly limited to, solution and bulk 
polymerization methods utilizing a radical reaction. After 
adding the monomers mentioned above, a radical initiator, a 
chain transfer agent and a solvent, for instance, the reaction 
is carried out generally at 50 to 150 °C . 

As examples of the radical initiator mentioned above, 
there may be mentioned azobis isobutyroni t r i le , benzoyl 
peroxide and the like and, as examples of the chain transfer 
agent, there may be mentioned mercaptans, such as n- 
dodecylmercaptan, tert-dodecylmercaptan and laur ylmercaptan , 
and halogen-containing compounds . Preierred for use as the 
sol vent are, lor example, others, hydrocarbons, esters and like 
nonreactive sol vents . 

From the viewpoint of contact adhesiveness and final bond 
strength, it is preferred that copolymer (II) have a 
si 1 icoii-cont aininn oroup cross 1 i nkab 1 o under siloxane bond 
n.r.f u-T-, r > ■, , > : * m<~h s i 1 i <~ f m • - < 'f *! 1 1 a i n i rn a roup is 
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mentioned (A) the method comprising copolymer i zing a 
polym^rizable unsaturated bond- and reactive silicon group- 
containing compound with monomers (a) and (b) , (B) the method 
comprising copolymer i zi ng a polymer i zable unsaturated bond- 
arid reactive functional group (hereinafter referred to as group 
Y) -containing compound (e.g. acrylic acid) with monomers (a) 
and (b) and then reacting the resulting copolymer with a 
compound having a reactive silicon group and a functional group 
(hereinafter referred to as group Y f ) reactive with group Y (e.g. 
an isocyanato- and -Si (OCH 3 ) -< -containing compound), (C) the 

r~> /~\ m t"> t~ *i o "i /t r-^nni \rmpri ?i nrf Tnnnnmpr s ( a ) and ( b ) in the 
presence of a reactive silicon group-containing mercaptan as 
a chain transfer agent, (D) the method comprising 
copolymerizing monomers (a) and (b) using a reactive silicon 
group-containing azobisnitr i le compound or disulfide compound 
as an initiator, and (E) the method comprising polymerizing 
monomers (a) and (b) in the manner of living radical 
polymerization and introducing a reactive silicon group into 
the polymer at molecular terminals thereof, without any 
particular restriction thereto. It is also possible to employ 
any arbitrary combination of methods (A) to (E) . For example, 
methods (A) and (C) may be combined: thus, it is possible to 
employ the method comprising copolymerizing a polymer izable 
unsaturated bond- and reactive silicon group-containing 
compound with monomers (a) and (b) in the presence of a reactive 
silicon aroup-containinq mercaptan as a chain transfer agent. 

The; polymori.zab.lo unsat urated bond- and reactive silicon 
qr oup- containing compound referred to above under (A) is 
represented by the general formula (10): 

CH r =C(R ,J )COOR 8 -[Si (R%.».) (X,JO] m Si (RYJX, (10) 
wherein }■' is as defined abovo, R H represents a divalent, alky] one 
< i t. * • ..,>>• t- . ♦ ,-m<- with R * , P A , Y , a. h and m a r ^ as 



wherein R J , R 4 , R s , X, a, b and m are as defined above. 

As the group R 8 in the above general formula (10), there 
may tie mentioned ones having 1 to 6 carbon atoms, preterably 
ones having 1 to 4 carbon atoms, such as methylene, ethylene 
5 and propylene. 

As specific examples of the hydrolyzable group X in 
formula (10) or (11), there may be mentioned, among others, 
halogen atoms, a hydrogen atom, alkoxy groups, acyloxy groups, 
ketoximate groups, amino groups, amido groups, aminoxy groups, 
10 mercapto groups, alkenyloxy groups and the like. Among them, 
alkoxy groups, such as methoxy and ethoxy, are preferred because 
of their mild hydrolyzability . The monomer represented by 
general formula (10) or (11) may comprise either one single 
species or two or more species. 
15 As the polymerizable unsaturated bond- and reactive 

silicon group-containing compound represented by general 
formula (10) or (11), there may be mentioned, for example, 
y -methacryloxyalkylpolyalkoxysilane such as 
y -methacryloxypropyltrimethoxysilane, 
20 y -methacryloxypropylmethyldimethoxysilane and 
y -methacryloxypropyltriethoxysilane, 

y -acryloxyalkylpolyalkoxysilane such as y -acryloxy- 
p ropy It rimethoxysi lane, y -acryloxypropy lme thy Idi- 
methoxysilane and y -acr yloxypropyl tr iethoxysi lane , and 

25 vinylalkylpolyalkoxysilanes such as viny 1 t r imethoxy s i lane , 
vinylmethyldimethoxysilane and vinyl tr iethoxysi lane . 

As examples of group Y and group Y' mentioned above under 
(B) , there may be mentioned various combinations oi group:;. For 
example, group Y may be an amino, hydroxyl or carboxylic acid 

30 group, while group Y 1 may be an isocyanato group. In another 
example, qroup Y may be an a]]yJ qroup and qroup Y' may bo a 
>-.\virid<-- ornnr (H-Si^, as d^sr~ribed in .lapanr-se Kokai 



hydrosilylation in the presence of a group VI 11 transition 
metal . 

As the reactive silicon group-containing mercaptan to be 
used as a chain transfer agent as mentioned above under (C) , 
5 there may be mentioned y -mercaptopropyl tr imethoxys ilane , 
y -mercaptopropylmethyldimethoxysilane and 

y -mercaptopropyltriethoxysilane, among others. It is also 
possible, as described in Japanese Kokai Publication Sho- 
59-78222, to copolymerize monomers (a) and (b) in the presence 

10 of a bifunctional radical-polymer izable compound and an 

alkoxysilyl-containing mercaptan as a chain transfer agent. 

As the reactive silicon group-containing azobisnitrile 
or disulfide compound mentioned above under (D) , there may be 
mentioned those alkoxysilyl-containing azobisnitrile 

15 compounds or alkoxysilyl-containing disulfide compounds which 
are described in Japanese Kokai Publication Sho-60-23405 and 
Japanese Kokai Publication Sho-62-70405, for instance. 

As for the method mentioned above under (E) , reference 
may be made to Japanese Kokai Publication Hei-09-272714, for 

20 instance. 

Furthermore, there may be mentioned the method comprising 
using a reactive silicon group-containing mercaptan and a 
reactive silicon group-containing radical polymerization 
initiator combinedly, as described in Japanese Kokai 

25 Publication Sho-59-168014 and Japanese Kokai Publication 
Sho-60-22851 6, lor instance . 

The number oi reactive silicon groups contained m 
copolymer (11) is not particularly restricted. From the view- 
point of effects on bond strength and cost, however, it is 

30 preferred that each molecule of copolymer (II) have, on an 
average, not 1 ess, t han 0 . 1 but not more than 2.0, more pr el erabJ y 
not loss than 0 . S and not more than 1 . S, reactive s i 1 i con a roups . 
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characteristic improving effects, that the composition contain 
10 to 200 parts by weight, more preferably 20 to 160 parts by 
weight, of copolymer (II) per 100 parts by weight of polyether 
oligomer (I). Generally, an adequate mixing ratio is to be 
5 selected according to the intended use and performance 
characteristics . 

The accelerator, which is component (III) to be used 
according to the invention, is not particularly restricted but 
may be any of silanol condensation catalysts in general use and 
10 capable of promoting the reaction of the reactive silicon group. 

les of such accelerators, there may be 
mentioned, among others, organot in compounds , organic titanate 
compounds, organoaluminum compounds , organozirconium 
compounds, amine compounds, acidic phosphate esters, reaction 
15 products from acidic phosphate esters and amine compounds, 
saturated or unsaturated polybasic carboxylic acids or 
anhydrides thereof, salts or like reaction products from 
carboxylic acid compounds and amine compounds, and lead 
octylate. As the above tin compounds, there may be mentioned 
20 dibutyltin dilaurate, dibutyltin maleate, dibutyltin 

diacetate, dioctyltin maleate, dibutyltin phthalate, stannous 
octoate, stannous naphthenate, stannous stearate, stannous 
versatate, reaction products from dibutyltin oxide and 
phthalate esters, chelate compounds such as dibutyltin 
25 diacetylacetonate and the like, and dibutyltin oxide. As the 
organic titanate compounds, there may be mentioned titanate 
esters such as tetrabufyl titanate, tetiapropy] titanate, 
tetraisopropyl titanate and ti i e thanol ami ne titanate, and 
chelate compounds such as titanium tet raacety lacetona te , among 
30 others. As the organoaluminum compounds, there may be 

menf i oned a 1 umi num t r i s acetyl ace tonal o, a 1 umi num iris ( ethyJ 
•(•*. m c.\ , Hi i com ot>'w va 1 um i num et hyl a cot caret ate and 
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compounds, there may be mentioned butylamine, octylamine, 
lauryl amine, dibutyl amine, monoe thanol amine , diethanol amine , 
triethanol amine, die thy lenet r iamine , t riethylene tet ramine , 
oley 1 amine, eye lohexy lamine , benzyl amine, 
5 diethylaminopropylamine, xyly lenediamine , tr ie thy lenediamine , 
guanidine, diphenylguanidine , 2,4,6- 
tris (dimethylaminomethyl) phenol, morpholine, N- 
methylmorpholine, 2-ethyl-4-methylimidazole, and 1,8- 
diazabicyclo [5 . 4.0] undecene-7 (DBU) , among others. Salts of 
10 these amines with carboxylic acids or the like may also be used. 
As other examples, there may be mentioned low-molecular-weight 
polyamide resins obtained from an excess of a polyamine and a 
polybasic acid and reaction products from an excess of a 
polyamine and an epoxy compound. In addition, there may be 
15 mentioned organolead compounds such as lead octylate, 

organoiron compounds such as iron naphthenate, organovanadium 
compounds, bismuth salts such as bismuth- tris (2- 
ethylhexanoate) and bismuth t r i s ( neodecanoate ) , and reaction 
products from an excess of an organic carboxylic acid and an 
20 organic amine. These accelerators may be used singly or two 
or more of them may be used in combination . Among these silanol 
condensation catalysts, organometal 1 ic compounds or 
combination systems comprising an organometal lie compound and 
an amine compound are preferred from the viewpoint of 
25 curability. 

Such an accelerator is used generally m an amount 
selected according to the intended use and pericrmance 
characteristics. hi e i. er ably , it is used m an amount o 1 0.1 
to 20, more preferably irom the cost viewpoint O.b to 10 parts, 
30 per 100 parts by weight of the total of polyether oligomer 
component ( 1 ) and copoJ ymer component (11) . 

r y<^ t ho f-onl rid adhesive in which the curable rosin 
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antioxidant, light stabilizer, solvent and/or a like additive. 

Any known filler can be used as the tiller. Examples are 
heavy calcium carbonate, colloidal calcium carbonate, light 
calcium carbonate, magnesium carbonate, kaolin, talc, clay, 
bentonite, organic bentonite, silica, titanium oxide, aluminum 
silicate, magnesium oxide, zinc oxide, carbon black, glass 
balloons, and the like. These fillers may be used singly or 
two or more of them may be used combinedly. 

Any known plasticizer may be used as the plasticizer 
mentioned above . Examples are phthalate esters such as dioctyl 
phthalate and butyl benzyl phthalate, aliphatic carboxylic acid 
esters, nonaromatic dibasic acid esters, glycol esters and 
phosphate esters, as well as relatively high-molecular 
plasticizers such as polyesters from a dibasic acid and a 
dihydric alcohol, polypropylene glycol and derivatives thereof, 
polystyrenes, paraffins, chlorinated paraffins, epoxidized 
soybean oil, and the like. These plasticizers may be used 
either singly or in admixture. 

For improving the adhesiveness, curability and/or 
storage stability, various aminos ilanes or silicon compounds 
such as epoxysilanes may be added. As examples thereof, there 
may be mentioned, without any particular limitative meaning, 
vinyltrimethoxysilane, vinyl trie thoxysi lane, 
methyltrimethoxysilane, phenyltrimethoxysilane, 
diphenyldimethoxysilane, phenylmethyldimethoxysilane, 
dimethyl dimethoxysil ano, phenyl tri e thoxys i 1 ane , 
di phenyl die thoxysi 1 ane, phony 1 met h y Id i ef hoxys i 1 ane- , 
dim e t h y 1 d i e 1 1 i o x y s i 1 a n c , 

y -methacryloxypropyl trimethoxysi lane, y -methacryl- 
oxypropylmethyldimethoxysilane, y -methacr y loxy- 
pr opyl t ri ethoxysi 1 ane, y -ami nopropyl trimethoxysi J ane, 
t.,-> > r T 1 i > i ot hr.yv:. i 1 an^-, v -ami nopropvlmot hv l ~ 
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mothyldimethoxysi lane, 1 , 3-di aminoisopropyltrimothoxysi 1 ano, 
7 -gl ycidoxypropy] t rimethoxysi lane, 
y -glycidoxypropyl triethoxysi lane, y -glycidoxy- 
propylme thy Idimethoxysi lane, fi ~ (3, 4-epoxycyclo- 
hexyl) ethyltrimethoxysilane and the like. These silicon 
compounds may be used singly or two or more of them may be used 
combinedly . 

The solvent includes, but is not particularly limited to, 
nonreactive ones such as hydrocarbons, acetate esters , alcohols, 
ethers and ketones . 

The method of preparing the contact adhesive in which the 
curable resin composition of the present invention, comprising 
component (I), component (II) and component (III), is used is 
not particularly restricted. Thus, for example, such an 
ordinary method may be employed that comprises mixing 
components (I), (II) and (III) together and kneading the mixture 
at ordinary temperature or with heating using a mixer, roll, 
kneader or the like, or dissolving the above components 
respectively in small amounts of an appropriate solvent and 
mixing the solutions together. 

By adequately combining these components, it is possible 
to prepare the adhesive in the one component or two component 
form, or in the three or more component form as the case may 
be . The method of applying the adhesive is not restricted. The 
adhesive can be applied in the conventional manner using a 
spatula, roll or sprayer or the like. It is also possible to 
apply the adhesive directly from a container (e.g. tube, 
cartridge) in which the adhesive is stored. 

As regards the method of adhesion, after application, the 
adhesive is allowed to stand in the air for a certain period 
d time, during which cur inn of the adhesive by moisture in t ho 
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The- present, invention can provide curable resin 
compositions useful as contact adhesives with a prolonged tack 
retention period, without affecting the final bond strength. 

BEST MODE FOR CARRYING OUT THE INVENTION 
The following specific examples illustrate the present 
invention in further detail. They are, however, by no means 
limitative of the scope of the invention. 

£ynLhj^£ls Example 1 

Foiyoxypropylcne glycol with an average molecular weight 
of 10, 000 as determined by terminal group analysis was prepared 
by polymerizing propylene oxide using polypropylene glycol as 
an initiator and zinc hexacyanocobal tate-glyme complex as a 
catalyst. Then, NaOMe in the form of a methanol solution was 
added in an amount of 1 .2 equivalents per hydroxyl group of the 
above hydroxyl -terminated polyether oligomer, the methanol was 
distilled off, and 3-chloro-2-methyl-l-propene was further 
added to thereby convert the terminal hydroxyl group to a 
methallyl group. Then, 10 g of hexane was added to 500 g of 
the oligomer obtained and azeotropic dehydration was effected 
at 90 °G, the hexane was distilled off under reduced pressure, 
and the vessel was purged with 8% 0,/N 2 . To the vessel contents 
were added 25 ji 1 of sulfur (1% (by weight) toluene solution) 
and 56 // ] of p] at inum-di vinyl disiloxane complex (3V, (by weight 
as plat;:num) xylene solution) , and 24.2 g DM S 
(dimet hoxymot.hyl • i lane) was gradual 1 y added di opwi se wi fh 
stirring. Alter allowing the reaction ho proceed at 90 T loi 
5 hours, the unreacted DMS was distilled off under reduced 
pressure to qive a reactive silicon group-containing 
pol yoxypi opy 1 ene polymer. By Ml-NMR analysis of the polymer 
\ » , j -•■.»«;> T f, .,-« te.-.t 1 to terminal r^act i vo pi] i con 
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S ynthesis Example 2 

Polyoxypropylene glycol with an average molecular weight 
of 20, 000 as determined by terminal group analysis was prepared 
5 by polymerizing propylene oxide using polypropylene glycol as 
an initiator and zinc hexacyanocobal tate-glyme complex as a 
catalyst. Then, NaOMe in the form of a methanol solution was 
added in an amount of 1.2 equivalents per hydroxyl group of the 
above hydroxyl-terminated polyether oligomer, the methanol was 
10 distilled off, and 3-chl oro-2-methyl - 1 -propene was further 
added to thereby convert the terminal hvdroxvl arouo to a 
methallyl group. Then, 10 g of hexane was added to 500 g of 
the oligomer obtained and azeotropic dehydration was effected 
at 90 °C, the hexane was distilled off under reduced pressure, 
15 and the vessel was purged with 8% 0 2 /N 2 . To the vessel contents 
were added 24 [i 1 of sulfur (1% (by weight) toluene solution) 
and 54 [i 1 of platinum-divinyldisiloxane complex (3% (by weight 
as platinum) xylene solution), and 11.5 g of DMS 
(dimethoxymethylsilane) was gradually added dropwise with 
20 stirring. After allowing the reaction to proceed at 90 °C for 
10 hours, the unreacted DMS was distilled off under reduced 
pressure to give a reactive silicon group-containing 
polyoxypropylene polymer. By 1 H~NMR analysis of the polymer 
obtained, it was confirmed that the terminal reactive silicon 
25 group introduction percentage was 98 s o (polymer B) . Polymer B 
thus obtained had a number average molecular weight of about 
2 i ',000. 

r Qrap arativ e Synthesis Example 1 
30 Polyoxypropylene glycol with an average molecular weight 

"1 10,000 as detorni.i nod by terminal qroup analysis was prepared 

V •• T 1 . .>:..; r- frr. rV lr.nr. r.y wjr- 115-inO 1 vrmPV 1 ^11^ O 1 V<"<^ 1 aS 
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above hydroxyl- termi na tied polyether oligomer, the methanol was 
distilled off, and 3-chloro-l-propene was further added to 
thereby convert the terminal hydroxyl group to an allyl group. 
Then, 10 g of hexane was added to 500 g of the oligomer obtained 
5 and azeotropic dehydration was effected at 90 °C, the hexane 
was distilled off under reduced pressure, and the vessel was 
purged with nitrogen. To the vessel contents was added 30 
111 of platinum-divinyldisiloxane complex (3% (by weight as 
platinum) xylene solution), and 9.0 g of DMS 
10 (dimethoxymethylsilane) was gradually added dropwise with 

stirring. After allowing the reaction t;o proceed by heating 
the mixed solution at 90 °C for 2 hours, the unreacted DMS was 
distilled off under reduced pressure to give a reactive silicon 
group-containing po lyoxypropylene polymer . By 1 H-NMP. analysis 
15 of the polymer obtained, it was confirmed that the terminal 
reactive silicon group introduction percentage was 82% (polymer 
C) . Polymer C thus obtained had a number average molecular 
weight of about 10,000. 

20 Comparative Synthesis Example 2 

Polyoxypropylene glycol with an average molecular weight 
of 10, 000 as determined by terminal group analysis was prepared 
by polymerizing propylene oxide using polypropylene glycol as 
an initiator and zinc hexacyanocobal tate-glyme complex as a 

25 catalyst. Then, NaOMe in the form of a methanol solution was 
added in an amount of 1 .2 equivalents per hydroxyl group of the 
above hydroxyl-termi nated polyether oligomer, the methanol was 
distilled oil, and 3-chloro- 1 -pi opene was further added to 
thereby convert the terminal hydroxyl group* to an allyl group. 

30 Then, 10 g of hexane was added to 500 g of the oligomer obtained 
and azeol i opi c dehydration was effected at 90 V, the hexano 
v-.r- ; i if.,- f iiT-Hr-r rorinro.i r t or <t 1 1 > -o , and t hn v^s'-^l wa s 
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(dimethoxyinethylsilane) was gradually added dropwise with 
stirring. After allowing the reaction to proceed by heating 
the mixed solution at 90 "C for 2 hours, the unreacted DMS was 
distilled off to give a reactive silicon group-containing 
5 polyoxypropylene polymer. By 1 H-NMR analysis of the polymer 
obtained, it was confirmed that the terminal reactive silicon 
group introduction percentage was 65% (polymer D) . Polymer D 
thus obtained had a number average molecular weight of about 
10, 000 . 



To 43 g of toluene heated at 110 °C was added dropwise 
over 4 hours a solution of 2.0 g of azobis isobut yroni tr ile as 
a polymerization initiator in a mixture of 28 g of butyl acrylate, 

15 46 g of methyl methacrylate , 20 g of stearyl methacrylate, 4.4 
g of y -methacryloxypropylmethyldimethoxysilane and 23 g of 
toluene. Then, polymerization was effected for 2 hours to give 
a copolymer (polymer E) with a solid concentration of 60% and 
a number average molecular weight (Mn) as determined by GPC 

20 (polystyrene equivalent) of 8,500. 

Synthesis Example 4 

To 43 g of toluene heated at 110 °C was added over 4 hours 
a mixture of 6 . 0 g of butyl acrylate, 66 g of methyl methacrylate, 

25 13 q of stearyl methacrylate, 5.4 g of 

y -methacry 1 oxypropy lmethyl dimothoxys i l ane, 7.0 q of y - 
mer captopi opylmethyl dimethoxysi lane and 23 g ol toluene with 
2.b g ol azobisisobutyioni tril e dissolved theiein as a 
polymerization initiator and, then, the polymerization was 

30 allowed to proceed for 2 hours to give a copolymer (polymer F) 
wi t.h a sol .id concent i at ion ol GOV and a number avoi age molecular 



10 
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To 43 q of toluene heated at 110 °C was added dropwise 
over 4 hours a mixture of 32 g of butyl acrylate, 62 g of methyl 
methacrylate, 4.4 g of y -methacry loxypropy lme t hyl - 
dimethoxysilane and 23 g of toluene with 2.0 g of 
5 azobisisobutyronitri le dissolved therein as a polymerization 
initiator, and the polymerization reaction was carried out for 
2 hours to give a copolymer having a number average molecular 
weight (Mn) of 8,400 as determined by GPC (polystyrene 
equivalent) with a solid concentration of 60% (polymer G) . 

10 

Example 1 

The reactive silicon group-containing polyether oligomer 
(polymer A) obtained in Synthesis Example 1 and the copolymer 
(polymer E) obtained in Synthesis Example 3 were blended with 

15 each other in a solids ratio (by weight) of 60/40, and the 
volatile matter was removed by heating at 110 °C under reduced 
pressure using an evaporator to give a clear and viscous liquid 
with a solids concentration of not less than 99%. To 100 weight 
parts of this liquid were added 50 weight parts of surface- 

20 treated colloidal calcium carbonate (mean particle size: 0.08 
fim; trademark: Hakuenka CCR; product of Shiraishi Kogyo) , 3 
weight parts of vinyltr imethoxys i lane (trademark: A-171; 
product of Nippon Unicar) as a silicon compound, 2 weight parts 
of N- ( fi -aminoethyl ) - y -aminopropyltr imethoxys i lane 

25 (trademark: A-1122; product of Nippon Unicar) and 2 weight parts 
of dibutylfin di acet y] acctona te (trademark: U-220; product of 
Nitto Kasci ) , led lowed by uniform blending to give a curable 
resin composition of the present invention. 

30 Examp le 2 

A cuiciblo resin competition ol the present invent ion was 

... : :. ii - ;» J.*-. lTT , T ^ ,w,-o r .t t t>.o 



33 

( po 1 yrnc r V ) a s t; he copo 1 yme r . 
Ex amp 3 e 3 

A curable rosin composition of the present invention was 
5 prepared in the same manner as in Example 1 except that the 
polyether oligomer obtained in Synthesis Example 2 (polymer B) 
as the reactive silicon group-containing polyether oligomer and 
the copolymer obtained in Synthesis Example 3 (polymer E) as 
the copolymer. 

10 

A curable resin composition of the present invention was 
prepared in the same manner as in Example 1 except that the 
polyether oligomer obtained in Synthesis Example 1 (polymer A) 
15 was used as the reactive silicon group-containing polyether 
oligomer and the copolymer obtained in Synthesis Example 4 
(polymer G) as the copolymer . When polymer A and polymer G were 
blended together and the volatile matter was removed by heating 
at 110 °C under reduced pressure, a turbid, viscous liquid was 
20 obtained. 

Comparative Example 1 

A curable resin composition of the present invention was 
prepared in the same manner as in Example 1 except that the 
25 polyether oligomer obtained in Comparative Synthesis Example 
1 (polymor C) was used as the reactive silicon group-con ta i n i nq 
polyothor oligomoi and the copolymer obtained in Synthesis 
Ex amp 1 e 3 ( po 1 yme r E ) as t he copo 1 yme r . 



30 



C ompara t ive ExampJ c ..2 

A cur ribh' lesin composition ol 1 ho present invent ion wa: 
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Example 4 (polymer F) as the copolymer. 

C omparative Example 3 

A curable composition of the present invention was 
prepared in the same manner as in Example 1 except that the 
polyether oligomer obtained in Comparative Synthesis Example 
2 (polymer D) was used as the reactive silicon group-containing 
polyether oligomer and the copolymer obtained in Synthesis 
Example 3 (polymer E) as the copolymer. 

C omp a r a ti ve Example 4 

A curable resin composition of the present invention was 
prepared in the same manner as in Example 1 except that the 
polyether oligomer obtained in Comparative Synthesis Example 
1 (polymer C) was used as the reactive silicon group-containing 
polyether oligomer and the copolymer obtained in Synthesis 
Example 4 (polymer G) as the copolymer. When polymer C was 
blended with polymer G and the volatile matter was removed by 
heating at 110 °C under reduced pressure, a turbid, viscous 
liquid was obtained. 

The physical properties of the cured products were 
measured in the following manner. 

(1) Tack development and retention periods and tackiness 

The contact adhesives prepared in Examples 1, 2 , 3 and 
4 and Comparative Examples 1,2,3 and 4 were each spread thinly 
over aluminum substrates and the time until tack development, 
tackiness and tack lefonfion period (period from development 
to disappearance of tack) were determined by finger touch under 
the conditions of 23 V and a humidity of 50V,. The tackiness 
was evaluat ed accoidinn t.o the followina cr itoiia: 
Ta^kin^ss: (d- nm^h str^no^r than, C") almost comparable to, and 
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(2) Shea i strength 

For tensile shear strength measurements, J1S H 4000 
aluminum sheets A-1050P (100 x 25 * 2 mm test specimens) were 
used according to JIS K 6850. Each of the above curable resin 
5 compositions was thinly spread over the specimens using a 

spatula. After 5 minutes, the test specimens were laminated 
together and pressure was applied to the assemblies by hand to 
give specimens for testing. These specimens were cured at 23 °C 
for 2 days and then further at 50 °C for 3 days and then subjected 
10 to tensile testing. 

(3) Peel strength 

For T-peel strength measurements, JIS H 4000 aluminum 
sheets A-1050P (200 x 2 5 * 0 . 1 mm test specimens) were used 

15 accordingly to JIS K 6854. Each of the above curable resin 
compositions was thinly spread over the specimens using a 
spatula and, 5 minutes later, the test specimens were laminated 
together and pressure was applied using a hand roller to give 
test specimens. Each test specimen was cured at 23 °C for 2 days 

20 and further at 50 °C for 3 days and then subjected to tensile 
testing . 

The measurement results are shown in Table 1. 



Table 1 
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From the data shown in Table 3, it is evident that the 
tune until tack development is short in Comparative Examples 
1, 2 and 4 representing the prior art and that, as seen in those 
examples, adjustment to prolong the tack retention period 
5 results in reduced tackiness and bond strength as shown in 
Comparative Example 3. On the contrary, in Examples 1, 2 and 
4, the tack retention period could be prolonged while 
maintaining the same physical properties as those attainable 
in the prior art. In Example 3, the physical properties and 
10 tack retention time were further improved by using a higher 
molecular weight polyether oligomer as component (1). 



